Tumor Lysis Syndrome

By Kathryn Arrambide and Robert D. Toto

ENAL FAILURE occurs as a complication

of malignant disease in a variety of clinical
situations and for a variety of reasons including
direct (eg, tumor invasion) and/or indirect (eg,
Bence-Jones protein deposition) effects of the tu-
mor as well as the effects of therapy. The acute
tumor lysis syndrome is perhaps the most dra-
matic cause of acute renal failure in cancer pa-
tients because it is often fulminant in onset. as-
sociated with malignant hyperkalemia. and
usually completely reversible, It is characterized
by hyperuricemia. hyperkalemia. hyperphos-
phatemia. hypocalcemia, and acute. often oli-
guric renal failure. Typically patients with tumor
lysis syndrome are criticaily ill from rapidly
growing hematologic malignancies. Evidence of
tumor lysis with renal failure is seen in up to two
thirds of patients before treatment of any kind:
furthermore, chemotherapy may accelerate or
precipitate acute renal failure in this setting.! The
pathophysiology of this syndrome is based on the
fact that rapid cell turnover in aggressive malig-
nancies renders these tumors susceptible to rapid.
massive, cell death with or without cytoreductive
treatment. Rapid cell lysis liberates metabolites
that under normal circumstances are excreted
without injury but are nephrotoxic in this setting.
Although it is a serious complication. renal failure
in most cases is reversible. and patients can be
managed successfully with conservative and/or
hemodialysis therapy. The purpose of this review
is to update the reader on the pathogenesis. di-
agnosis. and treatment of this syndrome with an
emphasis on the spectrum of presentation of renal
failure and the importance of dialytic manage-
ment.

HISTORY

Tumor lysis syndrome was recognized as a
cause of renal failure before the advent of com-
bination chemotherapy for solid and lvmpho-
proliferative tumors. Tumor lysis following mal-
ignancy was originally described by Bedrna and
Polcak in 1929 in patients with chronic ieuke-
mia.” Later Merrill called attention to the syn-
drome in patients with acute leukemia. hyperuri-
cemia, and.renal failure’: however. the nature of
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the renal disease was not further elucidated until
the early 1960s when the association of hyperur-
icemia with renal failure began to appear in the
literature.*® Renal tissue of patients with this
syndrome disclosed that tubular lumina were ob-
structed by abundant uric acid crystals. Krakoff
and Meyer as well as other investigators dem-
onstrated that patients with massive. aggressive,
lymphoproliferative malignancies undergoing
chemotherapy, pretreatment with allopurinol
could prevent or attenuate hyperuricemia and
renal failure. Further reports indicated that this
was a reproducible effect of allopurinol, and by
the early 1970s allopurinol was routinely used as
prophvlaxis for all patients undergoing chemo-
therapeutic agents in the setting of rapidly pro-
liferating tumors. Unfortunately, not all patients
prophylaxed with allopurinol were spared from
nephrotoxicity, and soon hyperphosphatemia
with interstitial deposition of calcium-phosphate
complexes were implicated in renal failure ob-
served after chemotherapy with allopurinol pro-
phylaxis.!’ It is now recognized that the renal
failure in tumor lysis syndrome is indeed mul-
tifactorial and can be caused by calcium-phos-
phate as well as uric acid deposition in the kidney.

CLINICAL SETTING

General

Tumor lysis syndrome develops during the
rapid growth phase of malignancies such as buiky
lvmphoblastomas and Burkitt and nonBurkitt
aggressive lvmphomas that are known to have
extraordinanily rapid cell turnover rates.” The
combination of massive tumor bulk. rapid cell
turnover. and exquisite sensitivity to cytoreduc-
tive treatment renders these patients susceptible
10 rapid tumor lysis, which in turn sets into mo-
tion the events ieading to renal failure. However,
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renal failure from tumor lysis has been reported
in other hematologic as well as nonhematologic
malignancies with a vaniety of cytoreductive
therapies including leukemias. lung and breast
cancer.®'” and in bone-marrow transplantation.'*
Moreover, it has been increasingly recognized in
patients treated with high doses of glucocorticoids
without concomitant chemotherapy.'®** Taken
together these reports suggest that the most im-
portant factor in the pathogenesis of this syn-
drome is rapid cell lysis that overwhelms normal
renal excretory and cellular buffering mecha-
nisms leading to elevation of the serum concen-
tration of nuclear metabolites and acute renal
failure. This sequence of events is accelerated by
chemotherapy but most often occurs independent
of it. Importantly, in most patients renal failure
is completely reversible when prompt and ag-
gressive supportive care including hemodialysis
is administered.

Clinical Profile and Predisposing Factors

Susceptible patients tend to be young, often
less than 25 years of age, male, and have an ad-
vanced disease stage, with abdominal disease
present in association with high serum lactate de-
hydrogenase (LDH) levels' (Table 1). In addition,
preexisting volume depletion. an acid-concen-
trated urine, and excessive urinary uric acid ex-
cretion rates may be important predisposing fac-
tors in many, if not all. patients.®?* Azotemia in
association with hvperuricemia. hyperphospha-
temia. hypocalcemia. and hyperkalemia is gen-
erally present before chemotherapy and is aggra-
vated within 48 to 72 hours after treatment is
instituted. In many of these cases hyperuricemia
develops despite allopurinol prophylaxis; more-
over, prevention of hvperuricemia does not nec-
essarily prevent renal failure (see below).**? Thus
although allopurinol decreases the magnitude of
hyperuricemia, it does not necessarily prevent an
acute increase in serum uric acid ievel.

PATHOPHYSIOLOGY OF RENAL FAILURE

The pathophysiology of renal failure in the
acute tumor lysis syndrome is not completely
understood: however. two major pathogenetic
factors are important based on clinical findings
in the majority of the reported cases. First. it is
well appreciated that varying degrees of preex-
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Table 1. Clinical Profile of Typical Patient at Risk
for Tumor Lysis Syndrome

Young (often <25)

Maie

Lymphoproiiferative malignancy with abdominai
involvement

Markedly elevated serum LDH

Presence of volume depletion

Concentrated. acid urine pH

isting volume depletion are present before the
onset of renal failure in many, if not all, patients.
Second, precipitation of uric acid and/or calcium
phosphate complexes in the renal tissue causing
acute renal injury plays a major role. Clinical
and experimental evidence supports a role for
both these factors.**27-2%

Role of Volume Depletion

The importance of volume depletion has been
repeatedly emphasized in the literature. Most
authors® report that volume expansion with in-
duced-diuresis in both the clinical setting and ex-
perimental models can prevent or ameliorate
acute renal failure caused by uric acid deposi-
tion.*®**%3! Volume depletion in patients with
these malignancies occurs for several reasons: (1)
Patients may be anorectic with poor oral fluid
intake or may have gastrointestinal symptoms
including nausea. vomiting, and diarrhea. (2) Fe-
ver and tachypnea leading to insensible losses
may occur. (3) Staging work-up may include
procedures for which the patient is unable to in-
gest food or water and/or receives intravenous
radiocontrast. Thus it has been emphasized that
establishing diuresis with a hypotonic urine is an
important prophylactic and therapeutic maneu-
ver in patients at risk of or afflicted by renal failure
attributable to acute tumor lysis.

Role of Tumor Lysis Products

Uric acid. As pointed out above many of
these patients have preexisting hyperuricemia
before treatment with chemotherapeutic agents,
and/or they develop some degree of hyperuri-
cemia after therapy despite allopurinol prophy-
laxis.*® Although this presentation is common,
patients may present with tumor necrosis, hy-
peruricemia, and renal failure before the onset
of therapy.'*+¥
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Unic acid is the end product of purine metab-
olism in humans. It has a pKa of 5.4 and is nearly
completely ionized at physiological pH. However.
in the renal tubule and in particular in the col-
lecting ducts where luminal pH approaches 3.0,
uric acid progressively becomes less ionized and
in turn becomes less soluble. Furthermore. it is
in these nephron segments that luminal concen-
tration increases because of urinary concentrating
mechanisms. Indeed. histopathologic studies in
humans and experimental animals with acute
uric acid nephropathy indicate that intraneph-
ronal hydronephrosis is associated with uric acid
precipitates which predominate in the distal
nephron and in the medullary rays in particu-
lar.?#29-32 Moreover. a granulomatous reaction to
intraluminal uric acid crystals as well as necrosis
of distal tubular epithelium is present, with spar-
ing of the proximal tubule being a notable fea-
ture.*? Finally, uric acid stones with ureteral and
pelvic obstruction can occur as a result of tumor
lysis leading to extranephronal urinary tract ob-
struction and acute renal failure. Conger et al®®
have shown that acute intravenous infusion of
uric acid in rats sufficient to increase serum uric
acid to levels comparable with those observed in
humans with uric acid nephropathy is associated
with deposition of uric acid in the distal tubules
and medullary microcirculation that causes a
sharp drop in glomerular filtration rate (GFR)
and increases in intratubular pressure and renal
vascular resistance. Further experiments in this
model indicate that volume expansion and
NaHCO; diuresis significantly attenuates but
does not abolish the reduction in GFR. These
data indicate that uric acid deposition causing
intratubular obstruction is a major pathogenetic
factor in the renal lesion of tumor lysis syndrome.
They also suggest that a hemodynamic compo-
nent is at least in part responsible for the decrease
in GFR in rats.

Phosphate. In addition to renal unc acid
crystallization, profound hvperphosphatemia and

hypocalcemia occur commonly. In fact, acute -

renal failure attributable to metastatic intrarenal
calcification or acute nephrocalcinosis has been
reported in patients with rapid. massive, tumor
lysis who develop postireatment azotemia despite
allopurinol therapy.'**** In these cases uric acid
nephropathy is not observed in renal tissue spec-
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imens. The mechanism of hyperphosphatemia is
the same as that of hyperuricemia, namely tumor
lysis with release of inorganic phosphate from
intracellular stores. Similar consequences have
been observed in patients who received large oral,
intravenous. or rectally administered exogenous
phosphate loads.>** The net effect of sudden hy-
perphosphatemia is acute hypocalcemia and
metastatic calcification causing acute renal
failure.

Taken together, the evidence suggests that
renal failure in tumor lysis syndrome resuits from
a combination of volume depletion, hyperuri-
cemia with acute uric acid precipitation in the
renal tubule, the parenchyma (and occasionally
the collecting system) and in some cases from
acute nephrocaicinosis caused by severe hyper-
phosphatemia. Finally. it should be noted that
urinary tract obstruction caused by extrinsic
compression from massive retroperitoneal ade-
nopathy may also contribute to renal failure in
these patients.

DIAGNOSIS AND MANAGEMENT
Case Study

A 42-year-old black man with a history of in-
travenous drug abuse. alcohol abuse, and human
immunodeficiency virus (HIV) infection was ad-
mitted to Parkland Memorial Hospital for rapidly
accumulating ascites. The patient was known to
be HIV positive since January 1992 but had no
history of opportunistic infection. He was oth-
erwise well until Julv 1992 when he noted a rapid
increase in abdominal girth. pedal edema. and
drenching night sweats. Over the next month he
noted early satiety, boring abdominal pain, scleral
icterus, and dark urine. Physical examination
showed a febrile cachectic, icteric man with a
massively enlarged abdomen with a prominent
fluid wave as well as bipedal edema.

Admission laboratory tests showed serum Na
141, K 4.5, C1 102, CO, 24, Cr 1.2, blood urea
nitrogen (BUN) 9. The aspartate aminotransfer-
ase (AST) was |18, alanine aminotransferase
(ALT) 50, gamma-giutamyitransferase (GGT)
4,004, aikaline phosphatase 437, total protein 8.4,
albumin 3.4. The serum LDH 4,640 and CD4
count 165. Urinalysis was remarkable for 1 to 3
white blood cell count (WBC) high power field
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(HPF) and 10 to 20 hyaline casts/HPF. A sono-
gram showed ascites, a dilated common bile duct.
a large mass in the right lobe of the liver. and
pericaval and peraortic adenopathy. The left
kidney was 13 centimeters, the right kidney 15
centimeters, and mild bilateral hydronephrosis
was noted. Paracentesis showed turbid, bloody
fluid containing 22,000 white blood cells. many
of which were atvpical degenerating white cells.
Cytological evaluation of the fluid showed a large
cell lymphoma which was marked with B-cell
markers. An abdominai computed tomographic
(CT) scan on hospital day 9 showed an extrinsic
mass compressing the right lobe of the liver as
well as massive periaortic and pericaval adenop-
athy compressing the vena cava. A diagnosis of
widespread B-cell large-ceil lvmphoma was made.
The clinical course was judged to be as aggressive
as Burkitt’s lvmphoma. which can be compli-
cated by parcreatic and biliary obstruction. On
the 9th hospital day, and before the CT scan. the
patient’s serum creatinine increased to 1.6. Over
the next 7 days his serum potassium level in-
creased to 5.5, phosphorus 3.1, Ca 9.6, and serum
uric acid level was 14.8 mg/dL (Fig 1). On hos-
pital day 18 he was administered intravenous
fluids consisting of 0.45 NaHCQ; at a rate of 200
mL/h. However, his creatinine, potassium, and
phosphorus levels continued to increase over the
next 24 hours. As a result hemodialysis was ini-
tiated and he was started on chemotherapy with
cytoxan, vincristine. prednisone. and aliopurinol.
Despite dialysis the patient continued to exhibit
increased serum potassium to 3.3 necessitating
additional therapy with kayexalate. Despite ai-
lopurinol therapy, renal function deteriorated:
phosphorus and uric acid levels increased and
persisted. Dialysis and chemotherapy were con-
tinued. The patient remained nonoliguric during
this time. On hospital day 21 he developed an
acute upper gastrointestinal hemorrhage due to
a severe gastric ulcer. This was managed with
conservative therapy, and over the next 48 hours

renal function began to improve. As renal func--

tion improved, serum calcium. phosphorus. po-
tassium, and uric acid levels returned to normal.
Over the next 10 days renal function improved
further, with a new baseline creatinine of 0.9 mg/
d and uric acid level decreased to 2.9 mg/d on
allopurinol.
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Fig 1. Serum creatinine, phosphorus, and uric acid
level in a patient with tumor lysis syndrome. Renal func-
tion on admission was normal with serum creatinine of
1.2 mg/dL. On hospital day 9 serum, creatinine was noted
to be elevated to 1.6 mg/dL. Subsequently, on day 18,
the patient was noted to have hyperuricemia and hy-
peruricemia. Despite aikaline diuresis and allopurinot
therapy renal failure worsened necessitating dialysis.
Upon institution of chemotherapy, hyperuricemia and
hyperphosphatemia worsened and renal function dete-
riorated turther. With continued supportive care, includ-
ing hemodialysis and alkaline diuresis renal function,
serum phosphorus and uric acid leveis retumed to nor-
mal

This case illustrates several important features
of the tumor lysis syndrome. First this patient
was relatively voung and had a very aggressive
tumor with massive abdominai disease and strik-
ing elevation of serum LDH. Second, he devel-
oped renal failure before chemotherapy in the
hospital during the work-up of his disease. Third.
despite vigorous intravenous hydration. he rap-
idly developed hyvperkalemia. hyperphospha-
temia. hypocalcemia. and hyperuricemia neces-
sitating hemodialysis; moreover, hyperuricemia
transiently worsened shortly after initiation of
chemotherapy despite allopurinol prophylaxis.
Fourth. with supportive therapy including he-
modialysis renal function recovered completely.
In addition. it is noteworthy that this patient had
an element of hydronephrosis attributable to tu-
mor compression of the ureters. This condition
has been observed frequently in patients with ag-
gressive abdominal disease.’

Diagnosis

Any patient with a known or suspected malig-

nancy. especially lvmphomas of the Burkitt’s
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type, who presents with hyperuricemia, renai
failure, and elevated serum LDH, should be ex-
amined for tumor lysis syndrome. The presence
of concomitant volume depletion. hyperkalemia.
hyperphosphatemia, and hypocalcemia strongly
support this clinical diagnosis. The constellation
of these findings is useful in differentiating tumor
lysis syndrome from other causes of renal failure
in cancer patients such as urinary tract ob-
struction, parenchymal infiltration with tu-
mor, glomerulonephritis (eg, secondary to cryo-
globulinemia or tumor-related antigen-antibody
complexes), hypercalcemia, volume depletion,
vasculitis, hypercalcemic nephropathy, myeloma
kidney and drug nephrotoxicities (Table 2).

Management

Patients with tumor lysis syndrome are criti-
cally ill. They often are febrile, mainourished.
susceptible to (and often empirically treated for)
serious opportunistic infections, and subject to
life-threatening metabolic and nutritional dis-
turbances. Coordinated care in an intensive care
unit using a team approach including nursing
staff, the primary care physician. nephrologist,
and oncologist is essential to successful manage-
ment.

Management of renal failure can essentially be
divided into two categories: (1) prevention/con-
servative management; and (2) dialysis therapy.

Prevention and conservative management.
When the diagnosis of tumor lysis syndrome is
suspected. preventive measures. including ad-
ministration of allopurinol and intravenous fluid.
should be undertaken. Because normal baseline
serum creatinine often is not known and because
most patients present with hyperuricemia in this
setting, it is difficult to determine the onset of
renal dysfunction. Therefore, in most instances.
preventive measures and conservative manage-
ment of renal failure are in fact one and the same.
If a patient has hvperkalemia and hyperphos-
phatemia. it is likely that renal function is already
impaired. even if serum creatinine is in the nor-
mal range. Therefore, prevention and conserva-
tive management are discussed together.

Allopurinol in doses of 600 mg/d should be
given to decrease uric acid production. The pa-
tient should be administered intravenous fluid
consisting of isotonic NaHCO; at a rate of 200
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Table 2. Causes of Renai Failure in Cancer Patients

Urinary obstruction
Severe volume depietion
Parenchymal disease
Glomerulonephritis (eg, cryoglobulinemia)
Vasculitis
Hypercaicemic nephropathy
Tumor replacement
Tumor lysis syndrome
Acute uric acid nephropathy
Cakcium/phosphate nephropathy
Myeiloma kidney (cast nephropathy)
Drug nephrotoxicity
Methotrexate
Cis-platinum
Mitomycin C
Interferon-a
Interieukin 2
Antibiotics

to 300 mL/h for three reasons: (1) to expand vol-
ume. thereby diluting extracellular fluid and re-
ducing serum concentrations of uric acid, phos-
phorus, and potassium; (2) to wash out the renal
medaulla. thereby decreasing the concentration of
solutes in the distal nephron and medullary mi-
crocirculation; and (3) to alkalinize the urine,
thereby solubilizing and thus minimizing intra-
tubular precipitation of uric acid. Both maneu-
vers reduce the likelihood that oliguric renal fail-
ure willi develop. Urine output and urine pH
should be monitored closely to guide therapy. It
is preferable to decrease urine osmolality to iso-

“tonic or hypotonic levels and to increase urine

pH to 7.0. Both parameters can be monitored at
the bedside. Urine osmolality can be estimated
from the specific gravity in glucose-. mannitol-,
and protein-free urine by multiplying the digits
to the right of the decimal point in the specific
gravity (SG) by 35 (eg, for SG = 1.010. Urine
osm = 35 X 10 = 350 mosm/kg). Urine pH can
be monitored at the bedside using a dipstick. Al-
kaline diuresis and allopurinol should be contin-
ued throughout the course of induction chemo-
therapy and for at least 2 to 3 days after the final
dose of cytoreductive therapy.

Because of the rapid and unpredictable rate
of tumor lysis, in these critically ill patients ex-
treme and even fatal hyperkalemia have been
reported®®*': therefore. hyperkalemia should be
vigorously and aggressively treated with mea-
sures aimed at removing potassium from the
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body. It should be emphasized that maneuvers
designed to shift potassium into celis to lower
serum potassium are of limited value and should
never be used as sole therapy in this circum-
stance: rather, immediate use of dietary K re-
striction. removal of potassium from intrave-
nous infusates, administration of 50 to 100
grams of kayexalate as a retention enema, and
prompt therapy with hemodialysis (see below)
should be undertaken.

Deviations of serum calcium and phosphorus
concentrations in blood generally occur to-
gether with onset of the syndrome, owing to
phosphorus reiease. The time course of these
alterations varies but usually lasts for 1 to 2
weeks. In most cases calcium returns to baseline
along with phosphate. In some patients hypo-
calcemia may persist because of depressed
serum [.25-(OH), dihydroxycholecalciferol
levels. In this circumstance exogenous admin-
istration of calcitriol may correct hypocal-
cemia.*? However. this should not be under-
taken until serum phosphorus has returned to
normal level and is stable.

Hemodialvsis. Hemodialysis often is nec-
essary and life-saving in the management of tu-
mor lysis and should be considered for every
patient. The main indications for dialysis is to
reduce the load of metabolic toxins in the cir-
culation, namely uric acid, phosphorus, and po-
tassium, to control volume and to manage ure-
mia. Virtually all patients with tumor lysis have
one or more of these complications. Hemodi-
alysis is preferred over peritoneal dialysis be-
cause of the markedly higher uric acid and
phosphorus clearance rates achievable with this
technique. The goals of dialysis therapy are to
decrease plasma levels of uric acid, phosphorus.
and potassium and to restore normal nitrogen
balance (Table 3). Timing of initiation of dialysis
should be determined on clinical grounds keep-
ing in mind the fact that the catabolic rate is
sharply increased in patients undergoing tumor
lysis. For this reason daily hemodialysis gener-
ally is required, particularly during chemother-
apy induction when the risk of developing tumor
lysis is heightened. Whether dialysis should be
used prophylactically has not yet been estab-
lished; however, it was reported to be of benefit
in a recent study using continuous atrioventric-
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Table 3. Indications for Dialysis
in the Tumor Lysis Syndrome

Hyperkalemia
Volume overicad
Hyperphoshatemia
Controi of uremia
Hypocalcemia
Hyperuricemia

ular (AV) hemofiltration (CAVH) to treat a child
with undifferentiated lymphoblastic lym-
phoma.*? In this study, after initiating a sodium
bicarbonate diuresis, CAVH was instituted im-
mediately before induction chemotherapy. This
prevented hyperuricemia, hyperphosphatemia,
and renal failure. In patients with established
renal failure and hyperkalemia. it is advisable
to initiate hemodialysis in conjunction with
preventive/ameliorative therapy.

Monitoring. Daily weights, hourly intake and
output. and serum electrolytes including potas-
sium. calcium, phosphorus. and uric acid, shouid
be performed at least twice daily and more fre-
quently as needed if standard hemodialysis or
CAVH/CAVHD are used.

Complications of therapy. Several compli-
cations of therapy have been reported in tumor
lysis syndrome. Allopurinol is known to cause a
rash that can be localized or systemic and mild
or severe (eg, Stevens-Johnson syndrome). Fur-
thermore. because it increases xanthine levels,
urolithiasis due to xanthine stones may occur.*
In addition, allopurinol rarely causes reversible

- renal failure due to acute interstitial nephritis.**

Pneumopathy characterized by cough, tachy-
pnea. severe hypoxemia, and extensive interstitial
and alveolar infiltrates occurring within 24 to 72
hours of iriduction therapy has been reported re-
cently.*® Pulmonary edema has been reported
during fluid administration during alkaline di-
uresis.*'

SUMMARY

Tumor lysis syndrome is a critical illness
characterized by massive tumor cell death lead-
ing to severe hyperuricemia, hyperphospha-
temia, hyperkalemia, hypocalcemia, and acute
renal failure in patients with rapidly growing
cancers (especially Burkitt’s lymphomas with
extensive abdominal bulk). It may be prevent-
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able with allopurinol therapy combined with
aggressive intravenous fluid therapy aimed at
establishing an ongoing alkaline diuresis. In
most cases renal failure is compietely reversibie:
however. fatal hyperkalemia and volume over-
load may develop. Therefore, aggressive man-
agement with hemodialysis often is necessary to
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maintain life support while tumor burden is
controiled with cytoreductive therapy. Early
recognition and management by a team ap-
proach in the intensive care unit where careful
monitoring is availabie serves to forestail severe
renal failure, thereby improving short-term
prognosis in susceptible patients.
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